SRB CRITICAL ITEMS LIST
SUBSYSTEM: RANGE SAFETY COMMAMD DESTRUCT

ITEM NAME: Hybrid Coupler

FART NO.: 10405-0108-108, -110, -1F1, 112, -113 FM CODE: AD2 |
10405-D1 50-852, -853 DCNG32
ITEM CODE: F0-04 REVISION: Basic
CRITICALITY CATEGORY: IR REACTION TIME.: Seconds
NO. REQUIRED: 1 DATE: Mareh 31, 1997 |
DW032
CRITICAL PHASES. Boost SUPERCEDES: March 1, 1996
BCN032
FMEA PAGENO.: F8 AMALYST: D. Owens/S. Roney
. DCNO32
SHEET 1 OF 5 APPROVEDx: P. Kalia

FAILUEE MODE AND CAUSES: Loss of BF output of both channels cansad by:
0 Pin open or shorted on input connectors {11 and 137
O Faulty microstip
& D open or shorted on outpat connactors (12 and J4)
FATLURE EFFECT SUMMARY: Luss of destruct capability of one SRB if it should break away from the cluster,
leading to logs of life or injury to the public. One success path remains afrer the first failure. Operation is nat
affected until both paths are lost.
REDUNDANCY SCREENS AND MEASUREMENTS:
1. Pags- Checked at ACO, SIT, ordinance installation and during countdown. Checked in
final countdown by receiver signal strength nieasurapisnts BSSEL100C and
BAsELIDIC.
2. Fail- Allredundant paths can oot be checked in flight.
3. Patz- Woknown credible ceuses.
RATIONALE FOR RETEMTION:
A, DESICH:
0 The hybnd coupler is an integral part of the BF gignal path from Anterna A 10 the integrated receiver decoders
{IRD} via J1 and from Antenna B to the TRDs via J3. The Joss of the RF sigmsl at 11 or J3 has the same effact
as the loss of one antenna.

O Ap addrtiona effect of the loss of the signal at J3 is the loss of the closed-loop test signals during countdown.

0 The following is & rationale for relention of the command antenna sy<tem followed by the retention rationale
for the directional coupler,
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o

APETRM/SAMTEC-127-1 requires that the Shutle RSS antenna systemn will provide ninety-five percent
spherical coverage about the Shutie and that the overall Range Safety Systam sensitivity will be at least 12 db
below the RF signal level supplied by the Air Force ground transmission system at any point in the flight
trajectory.  Two independent antennas on gach SR8 and on the ET, plus cross-strapping, have been
mplementzd to satisfy this requirement. The ninsty-five percent coverage requirement is alsa met by 2 single
SRBif it breaks away from the ciuster with two good antennas.

The loss of antenna degrades the spherical coverage 1 less than ninstyfive percant at the specificd margin of 12
db above system threshold. Each antenna is located on opposite sides of an SRB and predominantly covers ane
hemisphere with significant overlap inte the other hemisphere.

The intent of the AFETRM/SAMTEC-127-1 requirement is to provide destruct capability regardiess of vehicle
attitude {within practical limits) at any piven time. The ability 1o destrct 2 vehicle with one antenna is highhy
dependent on the aitimde of the vehicic, the position of the good antenna on the vehicle and the received signal
level margm at the vehicle.

The SREB receives an RF signal level that is typically 25 db above the measured threshold of any IRD at the
maximurm skant range. This exeess margin of power compensates for reduced anienna coverage resulting from
one failed amtenna, Coverage is estimated to be sighty to sighty-five percent at & signal level that is 3 db above
measured threshold,

The worst-case condition for required operation of the RSS with one antenna feilure is an SRB that has broken
away from the cluster and has fis snienna oull pointsd at the tansmitter, This SRE can be expected to act
cratically and not mainwin atitude control in roll, pitch, and yaw. Under these conditions the nult pointing
position will follow changes in mititnde of the free flying SRE and will eventually move away from the
tamsmitter's direction. If the Arm and Fire commands are repeatedly sent by the tamsmitier, they will
eventually be received and executed.

In conclusion, the antennas are not redundant in the classical sense but are considered redundant in the
operational svstems mads, :

The hybrid coupler design is a more robust version of the Satwn I and V model. Tt has been redesicned to
survive e high vibration, shock and thermal levels encountered during the boost and descent phases of flizht
The hybrid coupler mees all of the requirements of Spec 10SPC-0043, has been flown on 1l Shuttle missions
to date, and is qualified to the twenty-mission level.

The hybrid coupler has one vendor source: LaBargs. The vendor hat been cartified as a supplier by
compicting qualification testing. 1aBarpe qualification is reported in Qualification Test Reports 97A1184-7F,
97AL1184-% and 45963-1 and cerificd by USBI COQ's A-RS55-3109-1 and A-RS5-3109-2.

Pin Open or Shoot on J1 or J2, 13 o1 )4,

o Connecturs are attached to the board with serews and washers and the screws are then epoxy-bonded o
preclude an open of the RF connector shell or center conductor, Shors are precluded by board layout and -
fabrication techniques.

o An open connector center conducier is precluded by e highly relieble captivated spring contact fuzz button.

70-14

Supercedes:March 1, 1994 DR Document: RA-21




FM Code: 70-04-A02 : Date: March 31, 1997

o

Faulty Microseip

0 The microstrips (P/N 10406-0110 and -0111) are gold-piated mirror image circuit boards that are bured
together to pravide isolaton for shorts and conductor redundancy at all positions along the microstrip,
exeept the electrical connection points, 10 preclude open conducior failures. The microstrip boards are
procured and processed to the requirements of MSFC-SPEC-50M60231,

TESTING:

YENDOR RELATED TESTING

Each Hybrid Coupler is subjected to an USBI approved acceprance test procedure (LaBarge 97A1184-5) prior

10 delivery. Accepiance testing establishes the absence of pit open or shotted on input connectors fanlny -

microstrip, and pin open ot shorted o0 output connectors and F4 at the time of testing. (A1l Failurs Canses)

KSC RELATED TESTING

Each Hybrid Coupler received by USBI from SPC is bench tasted as required by 10REQ-0021, Appendix E.
Absence of pin open or shoried on Ji and J3 or J2 aud J4, or faulty microstrip is established at bench test

Hybrid couplers net Contified/Recentified at KSC will be Bench tested per 10SPC-013] within 180 days
of mstallation or wansfer az a LRI, {All Failure Canses)

The antenna subsysiem is tested m the requirements of 10REQ-002 1, para [.1.1.1.3. (All Failure Cansas)
Isoiation testing is performed after the hybrid conpler is instalied on the forwand skirt equipment panel.

The hybrid ceupier hes voltzge standing wave ratio (VSWR) and insertion loss teating after installation imto the
forward skirt per 10REQ-0021, paras. 1.2.1.1.3 and 1.2.1.1.4.

{pen loop test performed per OMRSD File 1T, Volume 1, S00000.380.

Yerify opertion of SRSS with flight code (closed loop} par OMRSD File 11, Vol. |, Tequirement number
BO0C00.354,

Al approximately T-30 minutes the last closed loop test is performed. Only the inpul at J3, outputs at J2 and J4
and the associated microstrips are tested during the closed loop test. At that time the range transmitter is
brayght up and maintains capture of the IRDs until the SRB separation sequence is staricd. The closed loop
and ransmitted signals aze routed through the hybrid coupler. Signal strangth megsurements BSSE1 100C and
B35E110]C provide an indication that the hybrid coupler is operational.

REFURBISHMENT/RECERTIFICATION TESTING

Previcusly flown Hybrld Couplers are [nspected,repaired if necessary and FunctionallyTested at USBI Flarida
Operations LAW [0SPC-0131.
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C. INSPECTION:

VENDOR RELATED INSPECTIONS
o USBI QAR monitors the vendor's receiving inspection and tracaabiliry records per SIP 1072.
o Final acceptance test is witnessed by USBI QAR per SIP 1072. {All Failure Cavses)

o Supplier QA and USBl1 QAR perform in-process inspections to pracinde errars in watkmanehip and materials
during assembly of the bybrid coupler. Parls, material and assembly workmanship are verified by USBI QAR
per the list below:

Connectors per SIP 1072

Base Plate per SIP 1072

Mounting Slasve per SIP 1072
Spring Fuzz Button per SIF 1072
Insert Base Plate per SIP 1072
Printed Wiring Beards per SIF 1072
{Coaxial Termihation per 31F 1072

L= - I — T — N~ I = = |

0 Critical Processes/Inspections/ Operations:
o None
KESC RELATED INSPECTION

O USBI QA witnesses bvbrid coupler bench testing. (All Failure Canises)

O USBI QA wimesses and accepts torquing of coupler mounting bolts during installation on SRE forward skirt
equipment.

USRI QA wimasses antenna subsystem testing. {All Failure Causes)

& Connectors are inspectsd for damage and contemination during cable hookup per 10REQ-0021, para, 1.2.1.1.9.

REFURBISHMEN T/RECERTIFICATION INSPECTION

O Afier each vse, the Hybrid Coupler is inspected for damage, bent or broken connectors, corrosion and salt water
conteminztion TAW 10SPC-413 ], -

L. FAILURE HISTORY:

v Criticality Catzgory 1R:
No SRB failure history for this failure mode.
E. OPERATIONAL USE

o Not applicable to this failure mode.
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